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INDUCTIVELY COUPLED PLASMA SPUTTER CHAMBER WITH 
CONDUCTIVE MATERIAL SPUTTERING CAPABILITIES 
Field of the Invention 
5 The present invention relates tc 

inductively coupled sputtering of conductive 
materials. 

Background of the Invention 

In a sputtering process, a substrate tc be 

10 processed, such as a semiconductor wafer, is mounted 

in a vacuum chamber reactcr filled with a gas. The 
gas in the reactor is subjected to electrical 
excitation, producing a plasma in the reactor. In a 
sputter etching process, ions from the plasma 

15 bombard the surface of the substrate, ejecting 

particles of any coating on the wafer surface. The 
ejected particles predominantly adhere to and coat 
the interior surfaces of the reactor. In a sputter 
coating process, a target is placed in the reactor, 
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and ions from the plasma bombard the target, 
ejecting particles from the target which adhere to 
the wafer and the interior surfaces of the reactor. 
In an inductively coupled sputtering 
5 reactor, the chamber is nonconducting. Electrical 

excitation is in part provided by magnetic fields 
generated by a helical coil formed around the 
outside of the chamber. The coil is separated from 
the chamber by a magnetically impermeable barrier 
10 wall such as a quartz jar. 

A difficulty with inductively coupled 
sputtering of metals or other electrically 
conductive coatings is that particles sputtered, 
e.g., from the wafer, tend to form a conductive film 
K, 15 on the inside of the chamber. If the chamber is not 

cleaned regularly, this film will accumulate, and 
the resistance of the film will be small enough that 
magnetic fields from the coil will induce eddy 
currents in the conductive film. These eddy 
20 currents will tend to oppose penetration of magnetic 

fields from the coil into the chamber, deteriorating 
plasma ignition performance, or in severe cases 
preventing plasma ignition altogether. 

Regular cleaning or replacement of the 
25 chamber can be costly both in effort expended and in 
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downtime. And, even regular cleaning does not 
prevent some performance reduction as conductive 
films accumulate inside the reactor. Accordingly, 
significant cost and performance advantages can be 
5 gained from an inductively coupled plasma sputter 

etching reactor which is not susceptible to plasma 
deterioration due to conductive film accumulation on 
the interior of the reactor chamber. 
Summary of the Invention 

10 In accordance with principles of the 

present invention, a shade is disposed on the inside 
wall of an inductively coupled plasma chamber. The 
shade covers a protected zone of the wall generally 
opposite to the inductive coil driving the chamber, 

15 and prevents accumulation of sputtered material in 

this zone, thus reducing closed paths for eddy 
current flow along the chamber wall, and improving 
inductive coupling of electrical power to the plasma 
in the chamber. 

2 0 In specific embodiments, the shade is 

elongated and has its elongated direction generally 
parallel to the axis of the inductive coil. The 
shade includes one or more supports in contact with 
the chamber wall and extending generally inwardly 

25 from the chamber wall, supporting an elongated hood 
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which extends generally tangentially (parallel to 
the chamb r wall) from the support, covering the 
protected zone. In some embodiments, two or more 
elongated shades may cooperate to cover the 
5 protected zone. 

The shade may cover a protected zone 
extending across the entire length of the coil; or, 
alternatively, the shade may cover only a partial 
length of the coil, so long as eddy current paths on 

10 the inside of the reactor are sufficiently inhibited 

to allow inductive coupling of power from the coil 
to a plasma in the chamber. 

A chamber in accordance with the invention 
is thus not susceptible to eddy currents caused by 

15 accumulation of a conductive film on the inside of 

the chamber, thus improving plasma ignition 
performance, and reducing the need for costly 
^ regular cleaning of the chamber. These and other 

objects and advantages of the present invention 

20 shall be made apparent from the accompanying 

drawings and the description thereof. 
Brief Description of the Drawing 

The accompanying drawings, which are 
incorporated in and constitute a part of this 

25 specification, illustrate embodiments of the 
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invention and, together with the general description 
of the invention given ab ve, and the detailed 
description of the embodiments given below, serve to 
explain the principles of the invention. 
5 Fig. 1 is a cross-sectional view of an 

inductively coupled plasma processing reactor; 

Fig. 2A is a cross-sectional view of the 
reactor of Fig. 1 fitted with a conductive cylinder 
simulating the effect of accumulation of a 
10 conductive film in the chamber; 

Fig. 2B is a plan view of the reactor of 
Fig. 2 A taken along line 2B-2B; 

Fig. 3A is a cross-sectional view of the 
reactor of Fig. 1 supplied with a bench shaped shade 
15 22 which prevents accumulation of conductive film in 

a protected zone 24 along an elongated section of 
the chamber wall; 

Fig. 3B is a plan view of the reactor of 
: Fig. 3A taken along line 3B-3B, and Fig> 3C is a 
20 perspective view of the shade 22; 

Figs. 4 and 5 are diagrammatic partial 
plan views of alternative embodiments of a shade 
preventing accumulation of conductive film in 
protected zones 24' and 24 H . 
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Detailed Description of Specific Embodiments 

R f erring to Figure 1, an inductively 
coupled plasma reactor 10, for example a plasma 
sputter etching reactor, has in general a helical or 
5 spiral coil 11 for plasma excitation which is wound 

around a cylindrical chamber 12, for example a 
quartz jar having a 12 inch diameter, height of 
approximately 8 inches and wall thickness of 
approximately one-quarter inch. Jar 12 must 
10 withstand high vacuum, for example of 10** Torr. The 

coil 11 and jar 12 are supported by a housing 
platform 16 and contained within a housing (not 
shown) . 

Coil 11 is manufactured of a 50 foot 
% 15 length of one-eighth inch diameter copper tubing, 

wound into approximately 15.5 turns around the outer 
surface of jar 12. Electrical terminals are 
connected to the ends of the copper tubing. Cooling 
water flows through the center of the tubing to 
2 0 stabilize the coil's operating temperature. 

Coil 11 is electrically excited at a 
medium range frequency, such as in the range of 100- 
800 kHz, or specifically 450 kHz, to produce a 
magnetic field inside of the jar 12. Electrical 
25 excitation for coil 11 is generated by a power 
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supply (not shown), such as a PDP 2500 450 kHz 2000 
Watt generator, available from Advanced Energies 
Industries, Inc., 1600 Prospect Parkway, Fort 
Collins, CO 84525. Approximately 1250 Watts of 
5 electrical power are consumed by the coil. This 

electrical energy is coupled to coil ll through a 
power matching network (not shown) , such as the 
power matching network for the RMX-10 and RMX-12, 
available from Materials Research Corporation, Route 
10 303, Orangeburg, NY 10962. The electrical 

connections and the frequency of excitation of the 
coil 11 will differ for different specific 
applications . 

A wafer 13 to be processed in the plasma 
15 sputter etching reactor is placed on a wafer chuck 

^ 14 inside of jar 12. Wafer 13 may have a diameter 
- of four to eight inches, but in the illustrated 
process the wafer has an eight inch diameter. Jar 
■ ^12 is evacuated to near vacuum conditions by a 
'20 vacuum pump (not shown). Radio frequency (RF)^ power 

i s applied to the wafer chuck 14 relative to the 
•'h ousing 15 and platform 16, e.g., at a frequen cy^of 
--13 . 56 MHz and a power level of approximately 2000 ^ 
Watts, generating a 125 Volt DC voltage on the wafer 
25 during the process. One suitable power supply is a 
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m del AEG-10B-02 RF power generator, available from 
ENI Corporation, a division of Astec America, Inc., 
10 0 High Power Road, Rochester, NY 14 623. At the 
same time, medium range frequency energy is applied 
5 to coil 11, as discussed above. 

A gas flows into the evacuated jar 12 at a 
low rate, producing a low pressure. For example, 
Argon flows into jar 12 at a rate of 15-50 seem, 
e.g., 20 seem, at a pressure of 0.5-1 milliTorr, 

10 e.g., 0.7 milliTorr. 

The combination of electrical excitation 
from coil 11 and from RF power applied to chuck 14 
causes the gas in jar 12 to ionize and form a gas 
plasma inside of jar 12 • Ions from the plasma 

15 bombard the surface of wafer 13, causing any exposed 

film on the surface of wafer to sputter away from 
the surface 13 and into jar 12. Thus the surface of 
the wafer is etched by plasma bombardment. 
Processing of a wafer takes about 120 seconds. 

20 As illustrated in Fig. 1, jar 12 includes 

a reentry tube 15 having a cylindrical section and a 
diameter of approximately four and three-quarter 
inches. Reentry tube 15 extends from the surface of 
jar 12 to a closed end 17 spaced approximately 

25 three-quarter inches from the surface of the wafer. 

- 8 - 
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The inside of this reentry tube is open to the 
atmosphere outside of jar 12 , i.e., is not 
evacuated. Reentry tube 15 prevents formation of a 
plasma in the central section of jar 12, and thus 
5 reduces the etching rate at the center of the wafer. 

Without the reentry tube, the etching rate on the 
wafer would be significantly higher at the center of 
the wafer than at the edges. The reentry tube 
reduces the etching rate at the center of the wafer, 

10 resulting in more uniform etching of the wafer. 

During the etching process materials 
removed from the wafer are predominantly deposited 
on the inner surface of the jar 12. Etching of 
metals or other conductive materials from the 

15 surface of wafer 13 causes a conductive film to form 

on the interior surface of jar 12. The conductivity 
of this layer grows with the number of wafers 
processed in the jar 12. Etching of some non- 
conductive metal-containing films may have similar 

20 consequences due to chemical reactions which occur 

during processing. 

A conductive coating formed on the 
interior surface of jar 12 behaves as an electrical 
shield which prevents coil 11 from coupling magnetic 

25 field into the process gas in jar 12 and therefore 

- 9 - 
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preventing plasma ignition. Changing magnetic 
fields produced by coil 11 induce eddy currents in 
the conductive coating. The eddy currents will 
circulate in the conductive film around the 
5 cylindrical walls of jar 12 in the direction 

generally parallel and opposite to the direction of 
current flow in coil 11. The induced eddy currents 
produce an equal and opposite magnetic field in jar 
12 , tending to repel and eliminate magnetic fields 
10 generated by coil 11. 

When a conductive film of sufficient 
thickness h as accumulate d on the inside of jar 12 , 
it will be come impossibl e to ignite a plasma inside 

1 - ■ ' ~ ■ i 

of the jar 12. As a result, jar 12 must^be^e^eaned 
15 or replaced for further processing to be performed. 

This can result in significant costs\ and down time 
: ^ in the etching process. 

Difficulties associated with deposition of 
- the conductive films on the inside of a plasma 
20 processing chamber were demonstrated as follows. 

Six inch silicon wafers, covered with 100 run 
deposited titanium films, were etched using 
inductively coupled plasma etching inside the 
reactor shown in Fig. 1, under conditions discussed 
25 above. After 2 0 to 25 wafers had been etched in 
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this manner, plasma ignition completely failed and 
further processing was impossible. At this time, 
the interior of jar 12 was examined and it was found 
that a conductive film had deposited on the interior 
5 of the jar having sheet resistance of between 3 0 and 

400 ohm-meters in the area of coil 11,' as measured 
with probes placed a distance of one-half inch apart 
on the interior surface of the jar. Lower values of 
sheet resistance were recorded at regions of the jar 
10 at close proximity to the surface of wafer 13 from 

which material was being sputtered. 

In accordance with the principles of the 
present invention, the above difficulties are 
alleviated by preventing the creation of a 
15 cont inuous pa£h__af deposited material on the 

interior of jar 12 through which eddy currents may 
flow. This is done by creating a non-conductive 
protected zone, having an elongated shape, on the 
inner surface of the jar, placed in a direction 
20 generally parallel to the central axis of jar 12 and 

coil 11 and perpendicular to the direction of flow 
of induced eddy currents. This non-conductive 
protected zone prevents the flow of significant eddy 
currents in a conductive film on the inside of 
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quartz jar 12, thereby preventing generation of 
opposing magnetic fields. 

Referring to Figs* 2A and 2B, the 
feasibility of preventing eddy currents through the 
use of a protected zone was proven by fabricating a 
stainless steel test element 18 for insertion inside 



of jar 12. Te st element 18 was manufactured o f shim 
stock stainless steel no. SS-304, which has a 
thickness of 0.006 inches and a width of 6.0 inches. 
10 This shim stock was b ent into a cylindrical section 

having a gap 2 0 of 1.7 5 inches to form test element 



18. This test element 18 was installed inside of 
jar 12 , to simulate the expected thickness of the 
conductive layer accumulated on the inside of jar 12 

15 after processing of more than 3,000 wafers by 

sputter etching. Test wafers having a thermal oxide 
:: top layer (i.e., a non-conductive top layer) were 

placed into the chamber, and RF and inductive power 
were applied to the chamber to simulate plasma 

20 processing. (A non-conductive wafer was used to 

insure that conductive material would not be 
sputtered from the top layer of the wafer into gap 
20, causing a short across gap 20.) 

The test apparatus as described above 

25 exhibited timely and sustained plasma ignition, 

- 12 - 
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apparently unaffected by the presence of stainless 
shim stock test element 18 in th chamber. This 
performance confirmed that inclusion of a non- 
conductive protected zone on the inside surface of 
5 jar 12 would prevent eddy current flow and would 

eliminate difficulties arising from accumulation of 
conductive materials on the inside surface of jar 
12. 

Referring to Figs. 3A and 3B, one 

10 embodiment of a shade for preventing accumulation of 

conductive material on the inside wall of jar 12 
within a protected zone takes the form of an bench 
22. Bench 22 comprises, as shown in Fig. 3B, two 
supports 21 which rest on the jar wall, and a hood 

15 23 which extends in its elongated direction for 

approximately the entire length of coil 11 in a 
direction parallel to the axis of coil 11. Supports 
21 and extends radially inward (toward the center of 
jar 12) approximately one-eighth to three-eighths of 

20 an inch, and support hood 23 at this approximate 

height from the wall of jar 12. Hood 23 extends in 
a tangential direction approximately two inches, 
treating a protected zone 24 which is shaded from 
materials sputtered from wafers inside of jar 12. 

25 Hood 23 and supports 21 are manufactured of quartz. 

- 13 - 
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Due to the presence of hood 23, material 
sputtered from a wafer, or from a target in a plasma 
sputtering system, will not coat the area of jar 12 
in the protected zone 24. As a result, although a 
5 conductive coating will form over time on the inside 

surfaces of jar 12, no conductive coating will form 
in protected zone 24. Therefore eddy currents 
cannot flow through protected zone 24, and thus 
cannot flow in an even, circumferential pattern 
10 around the cylindrical section of the interior of 

jar 12. 

Figure 4 illustrates an alternative 
embodiment of a shade 26 suitable for generating a 
protected zone on the interior of jar 12. The shade 

15 26 shown in Fig. 4 includes a support 21 which 

extends along the interior surface of jar 12 in a 
direction generally parallel to the axis of jar 12 
and coil 11. A hood 23 extends over the interior 
surface of jar 12 at a distance of one-eighth to 

20 three-eighths inches from the surface of jar 12, in 

one tangential direction away from the inner edge of 
support 21. Hood 2 3 extends tangent ially a 
sufficient distance, such as two to three inches, 
over the interior surface of jar 12 to create a 
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protected zone 24' in which sputtered material will 
not deposit. 

Referring to Figure 5, in a third 
embodiment of a shade, two structures 2 6 and 27 are 
5 arranged in overlapping orientation. One structure 

2 6 has a hood extending in a clockwise tangential 
direction and a second structure 27 has a hood 
extending in a counter clockwise tangential 
direction such that the hoods of the first and 

10 second structures 2 6 and 27 overlap and create a 

protected zone 2 4" which extends from the support of 
structure 26 to the support of structure 27. 
Accordingly, sputter material will not deposit in 
protected zone 24". 

15 While the present invention has been 

r illustrated by a description of various embodiments 
and while these embodiments have been described in 
considerable detail, it is not the intention of the 
applicants to restrict or in any way limit the scope 

20 of the appended claims to such detail. Additional 

advantages and modifications will readily appear to 
those skilled in the art. 

For example, although a sputter etchin g 
apparatus and process has been described r principles 
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of the invention may be applied to other processes, 
such as sputter coating processes. 

Furthermore, while the shade disclosed 
above extends only on the cylindrical surfaces of 
5 jar 12, a shade could also extend radially on the 

disk-shaped end faces of jar 12 and or the end 17 of 
reentry tube 15. As illustrated in outline in Fig. 
3A, shades of this type could include further 
supports 21 supporting a hood 22 which extends in a 
10 radial direction relative to the axis of coil 11 and 

hood 12. 

This type of shade could be used to 
particular advantage in a system, such as the so- 
called transformer coupled plasma ("TCP") systems 
15 sold by Lam Research Corporation, in which the 

~w inductively coupled coil for exciting the plasma has 

a spiral shape and is disposed on the disk-shaped 
end of a bell jar rather than around the cylindrical 
? j sides of the bell jar. (The bell jar has a 
20 substantially smaller height relative to its 

diameter as compared to the jar shown in the 
attached figures) . In such an application, 
accumulation of conductive material on the disk 
shaped surface of the bell jar opposite the spiral 
25 coil will provide conductive paths for eddy 

- 16 - 
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currents, preventing plasma ignition. How ver, by 
disposing a radially-oriented shade on the disk- 
shaped end of the jar, opposite to the spiral coil, 
these conductive paths can be eliminated. 
5 The invention in its broader aspects is 

therefore not limited to the specific details, 
representative apparatus and method, and 
illustrative example shown and described. 
Accordingly, departures may be made from such 
10 details without departing from the spirit or scope 

of applicant's general inventive concept. 
What is claimed is: 
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Claims 

1. An inductiv ly coupled plasma reactor 

comprising 

a sealed chamber for accepting a wafer and 
5 a process gas to be processed by a plasma sputter 

process, 

an electrical power supply, 

an inductive coil coupled to said 
electrical power supply and adjacent to an outer 
10 wall of said chamber for generating a magnetic field 

inside of said sealed chamber to excite said process 
gas to create a plasma, 

a shade spaced from an inner wall of said 
chamber, said shade covering a protected zone of 
15 said inner wall which is generally on an opposite 

side of said chamber wall from a portion of said 
inductive coil, said shade preventing accumulation 
of sputtered material in said protected zone, 

whereby closed paths for eddy current flow 
20 along the chamber walls are restricted, improving 

inductive coupling of electrical power to said 
plasma in said chamber. 
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2. The reactor of claim 1 wherein said 
chamber and coil are cylindrical in shape, said coil 
being cylindrically wound around the cylindrical 
outer walls of said chamber. 

3. The reactor of claim 1 wherein 
said coil has an elongated shape wound 

around a central axis, and 

said shade has an elongated shape, with 
the elongated dimension of said shade generally 
parallel to said central axis of said coil. 

4. The reactor of claim 3 wherein said 
shade includes a support in contact with an inner 
chamber wall and extending generally inwardly from 
said inner chamber wall, and an elongated hood which 

15 extends from said support, covering said protected 

zone* 

5. The reactor of claim 4 wherein said 
hood extends in a tangential direction from said 
support . 
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6. The reactor of claim 4 wher in said 
shade further c mprises a second support in contact 
with an inner chamber wall and extending generally 
inwardly from said inner chamber wall, said 

5 elongated hood extending between said supports, 

forming a bench structure covering said protected 
zone. 

7. The reactor of claim 3 wherein said 
shade extends across substantially the entire length 

10 of said coil along said central axis. 
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8. In an inductively coupled plasma 
sputter reactor comprising a sealed chamber for 
accepting a wafer and a process gas to be processed 
by a plasma sputter process, and an inductive coil 
5 coupled to an electrical power supply and adjacent 

to an outer wall of said chamber for generating a 
magnetic field inside of said sealed chamber to 
excite said process gas to create a plasma, a method 
of improving inductive coupling of electrical power 
10 to said plasma, comprising 

providing a shade spaced from an inner 
wall of said chamber, said shade covering a 
protected zone of said inner wall which is generally 
on an opposite side of said chamber wall from said 
15 inductive coil, said shade preventing accumulation 

of sputtered material in said protected zone, 

whereby closed paths for eddy current flow 
along said inner chamber wall are restricted. 
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9. The method of claim 8 wherein 

said coil has an elongated shape wound 
around a central axis, and 

providing said shade comprises providing a 
5 shade having an elongated shape, with the elongated 

dimension of said shade generally parallel to said 
central axis of said coil. 

10. The method of claim 9 wherein 
providing said shade includes providing a support in 

10 contact with an inner chamber wall and extending 

generally inwardly from said inner chamber wall, and 
providing an elongated hood supported by said 
support and extending from said support, covering 
said protected zone. 

15 11. The method of claim 10 wherein 

providing said shade includes providing a hood which 
extends in a tangential direction from said support. 
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12. The method of claim 10 wherein 
providing said shade includes providing a second 
support in contact with an inner chamber wall and 
extending generally inwardly from said inner chamber 

5 wall, and providing an elongated hood extending 

between said supports, forming a bench structure 
covering said protected zone. 

13 . The method of claim 9 wherein 
providing said shade includes providing a shade 

10 which extends across substantially the entire length 

of said coil along said central axis. 
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14. A method of sputtering a conductive 
material from a surface disposed in a vacuum 
chamber , compr i s i ng : 

evacuating said chamber and providing a 
5 process gas to said chamber, 

electrically exciting said process gas 
with an electrical coil, causing said process gas to 
form a plasma, and causing ions from said plasma to 
bombard said surface and sputter said conductive 
10 material from said surface, 

providing a shade disposed on an inner 
wall of said chamber and over a protected zone of 
said inner wall, said shade preventing accumulation 
of conductive material in said protective zone, 
15 whereby closed paths for eddy current flow 

along said inner chamber wall are restricted. 

15. The method of claim 14 wherein 
providing said shade includes providing a support in 
contact with an inner chamber wall and extending 

20 generally inwardly from said inner chamber wall, and 

providing an elongated hood supported by said 
support and extending from said support, covering 
said protected zone. 
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16 • The method of claim 15 wherein 
providing said shade includes providing a hood which 
extends in a tangential direction from said support. 

17. The method of claim 15 wherein 

5 providing said shade includes providing a second 

support in contact with an inner chamber wall and 
extending generally inwardly from said inner chamber 
wall, and providing an elongated hood extending 
between said supports, forming a bench structure 
10 covering said protected zone. 

18. The method of claim 14 wherein 
providing said shade includes providing a shade 
which extends across substantially the entire length 
of said coil along said central axis. 
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